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Abstract. The paper represents the convergence analytical solution for the mathematical model of necrotizing
enterocolitis using the Taylor series method. This method is simple with solve approximately to the nonlinear
equations.
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1. INTRODUCTION

Most of the mathematical modelling in chemical engineering, environment engineering,
biological science, etc., are represented in nonlinear equation form and not keeing exact
solution in numerically and analytically. Many researchers’ derived the approximate so-
lution for the nonlinear differential equation using asymptotic methods such as Homotopy
perturbation method (HPM), Homotopy Analysis method (HAM), He’s Variational iteration
method(VIM), Adomian decomposition method(ADM), Taylor series method (TSM) and so on
[1,2,3,4,5,6,7,8,9, 10, 11, 12, 14, 15]; the derived solution can be useful for the system
~ *Corresponding author

E-mail address: kmdharma6902 @yahoo.in

Received August 11, 2021
7624



SOLVING NECROTIZING ENTEROCOLITIS MODEL BY THE TAYLOR SERIES METHOD 7625
behaviour. In the asymptotic method, Taylor series method is one of the most powerful meth-
ods compared to other method, and many researchers cannot apply to solve nonlinear method
because Taylor series method process based on the derivative and useful for calculating the en-
tire function value at any point. In this paper, we can approach Taylor series method to solve
the necrotizing enterocolitis model and determine the error calculation. From this process, we
conclude that the Taylor series method is one of the fast convergence methods for solving in

nonlinear differential equations.

2. TAYLOR SERIES SOLUTION TO NECROTIZING ENTEROCOLITIS MODEL

In this paper, we have solved the following system of nonlinear differential equations in

necrotizing enterocolitis model [13].

(1) X _ X+K 5
or MR (11 y)
oY x?
2 — =—YY +K
) o - TN O a4y
with initial condition
3) t=0; X(t)=xl and Y(t) =yl

To solve the system of the nonlinear equation as follow, Eqns.(1) and (2) can be written as

given below form.

dX

(4) (1+x2)(1+Y)E:—uX+kXX2
dy

(5) (1+X2)(1+Y)E:—yX+kyX2

Differentiating Eqns. (4) and (5) with respect to ¢ and putting # =0, we obtain

2

X

6 X'(0) = —uX, +k 1
6) (0) uxy + X(1+X12)(1+Y1)

X2

(7) Y'(0) = —yY) +ky L

(1+X2)(1+1)
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Continue the same process, we get

o , 2Xi (14+Y1)(1+X7) — (XPY'(0) (1 +X7) + 22X, X/ (0) (1 + Y1)
X7(0) = —pX'(0) +kx (1+X2)2(1+Y,)?
NP 2X1(1+ Y1) (1+X7) — (XY (0)(1+X7) +2X: X' (0) (1 +Y7))
Y7(0) = =1 (0) +hy (1+X2)2(1+1;)2
Therefore, The Taylor series method is
®) X(1) = X(0) + ll!x’(O) I
9) Y(t) =Y(0)+ lY’(O) +ornnn

We have introduced the error percentage as follows:

x 100

(X)vm — F (x7sm) |

F
10 %Error =
(10) 0 | Fmm

where F(x)ny and F(x)rsy are the values obtained by numerical method and TSM. Here

Eqn.(10) has been applied through functions of Eqns.(8) & (9). Fyu has only been defined

as the numerical solution (4" order Runge — Kutta method) of the Eqns.(1) and (2) which is

obtained from the function pdex1 in MATLAB software.

The relative error between our analytical and numerical results does not exceed 1.5% in the

simulation, which is represented in Tables 2.1 and 2.2. Also, we represent the error percentage

in Figs. (2.1) and (2.2). Additionally, we have shown that the parameter variation in graph

format in Figs.(2.3) and (2.4).
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FIGURE 1. Obtained error for TNF - o X with time ¢ when (a)y = 0.1, u =
Kx = Ky = 0.0001, x; = 10, y; = 0.1 (b)u = 0.1, y = 0.001, Kx = Ky =

10, xy=y1 =1
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FIGURE 2. Obtained error for IL -10 X with time t when (a)u =0.1, y=Kx =
0.001, Ky = 10, X1 =Yy1= 1 (b)u :0.1, Y= Kx =Ky =0.0001, x; :0.1, y1 =
10.
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FIGURE 3. Nature for the obtained solution of TNF -a X with time ¢ when
Kx = 0.001,10,50,100,150 for some fixed parameter U =y = 0.1, Ky =
0.001, x; =y; = 1.



7630 K.M. DHARMALINGAM, K. VALLI

Concentration of IL -10 Y

Time ¢

FIGURE 4. Nature for the obtained solution of IL -10 Y with time ¢t when
K, = 0.001,10,50,100,150 for some fixed parameter p =7y = 0.1, Kx =
0.001, x; =1, y; = 10.
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u=0.001, y=0.1, Kx=0.001,
Ky=0.001, X1=10, y1:0.1

1=0.1, y=0.001, Kx=10,

KY:IO, xl:1, y1:1

x  Num. TSM  %of Error | x Num. TSM % of Error
0.0 10.0000 10.0000  0.0000 | 0.0 1.0000 1.0000  0.0000
0.2 9.9982 9.9982 0.0000 | 0.2 1.5600 1.5590  0.1560
0.4 9.9964 9.9964 0.0000 | 0.4 2.0200 2.0100  0.4950
0.6 9.9945 9.9945 0.0000 | 0.6 2.4800 24770  0.1210
0.8 9.9927 9.9927 0.0000 | 0.8 2.9400 2.9380  0.0680
1.0 9.9909 9.9909 0.0000 1.0 3.4000 3.4000  0.0000

Average Error % 0.0000 Average Error % 0.1400

TABLE 1. Error calculation of TNF - o X with numerical and analytical results.

u=0.1, y=0.001, Kx=0.001,
KyZlO, x1:1, y1:1

u=0.1, y=0.001, Kx=0.001,
Ky=0.001, X1=0.1, y1:10

x Num. TSM %ofError|| x  Num. TSM % of Error
0.0 1.0000 1.0000  0.0000 | 0.0 10.0000 10.0000  0.0000
0.2 1.5000 1.4980 0.1334 | 0.2 9.9980 9.9980 0.0000
0.4 2.0000 1.9960 0.2000 | 0.4 9.9960 9.9960 0.0000
0.6 2.5000 2.4940 0.2400 | 0.6 9.9940 9.9940 0.0000
0.8 3.0000 2.9920 0.2667 | 0.8 9.9920 9.9920 0.0000
1.0 3.5000 3.4900  0.2857 1.0 9.9900 9.9900 0.0000

Average Error % 0.3877 Average Error % 0.0000

TABLE 2. Error calculation of IL - 10 Y with numerical and analytical results.
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3. CONCLUSION

In this paper, The Taylor series method has been used for solve the nonlinear differential
equation of the necrotizing enterocolitis model. Data from the error figures represent that the
obtained solutions with TSM have minor differences with numerical simulations. Furthermore,
according to the achieved results, these works are useful to understand the behaviour of the

system. In addition, the obtained results are very useful for optimizing the parameters.
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